Purpose. To analyze the effects of obstructive sleep apnea syndrome (OSAS) on ocular parameters and determine the alterations in macular vasculature by optical coherence tomography-angiography (OCT-A) in patients with different stages of OSAS. Methods. All the participants underwent a full ophthalmological examination. Using the macular OCT-A scans, the retinal peripapillary capillary plexus (RPCP), foveal avascular zone (FAZ), and superficial and deep vessel densities were recorded. Results. A total of 77 patients (154 eyes) with OSAS and 27 control cases (54 eyes) were included in this prospective study. Of the OSAS patients, 27 had mild, 24 had moderate, and 26 had severe disease. e intraocular pressure (IOP) values were significantly higher in the severe OSAS group than the control cases (p � 0.001). e average retinal nerve fiber layer (RNFL) thickness and the RNFL thickness of the temporal and inferior quadrants were significantly lower in the severe OSAS group compared with the control cases (p < 0.05).
Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by the recurrent narrowing of the upper airway, causing intermittent oxyhemoglobin desaturation, sleep fragmentation, and daytime sleepiness [1] . OSAS is a major public health burden because of its high prevalence, affecting almost 6-13% of the population [2, 3] . It has been shown that chronic intermittent hypoxia in OSAS patients is associated with systemic inflammation leading to the systemic effects of OSAS [4, 5] .
OSAS is a systemic disease disturbing many organs and tissues. Although there are some studies reporting the association of OSAS with glaucoma or decreased retinal nerve fiber layer (RNFL) thickness, the data regarding the ocular alterations in OSAS are limited and conflicting [6] [7] [8] .
With an increase in OSAS prevalence, its systemic complications are also gaining importance. Intermittent hypoxia in OSAS was associated with oxidative stress, sympathetic hyperactivation, disturbed vasomotor reactivity, and vascular inflammation [9] . In this study, we aimed to analyze the effects of OSAS on ocular parameters and determine the alterations in ocular vasculature in patients with different stages of OSAS. By this way, we aimed to define the predictive measures if required in OSAS patients associated with ocular alterations.
Training and Research Hospital between January and August 2018 were enrolled in this study. A 3% decline in SpO 2 and/or an arousal associated with a ≥30% reduction in airflow lasting at least 10 seconds was defined as hypopnea. Apnea/hypopnea index (AHI) was identified, and the patients with OSAS were categorized into mild (AHI ≥5 and <15), moderate (AHI ≥15 and <30), and severe (AHI ≥30) OSAS groups [10] . In the control group, all patients had an AHI of less than 5.
All the participants underwent a full ophthalmological examination, including auto-refraction (Tonoref III, Nidec Co. Ltd, Aichi, Japan), best-corrected visual acuity (BCVA), intraocular pressure (IOP) measurement by Goldmann applanation tonometry (mmHg), slit lamp biomicroscopy, macular and peripapillary thickness measurement by a spectral domain-optical coherence tomography (SD-OCT) (RS-3000 Advance, Nidek Co. Ltd, Aichi, Japan), and quantification of the foveal avascular zone (FAZ) and vessel density (VD) by optical coherence tomography-angiography (OCT-A) (RS-3000 Advance AngioScan, Nidek Co. Ltd, Aichi, Japan).
Scan Protocol.
We used Nidec's RS-3000 Advance and Navis Ex. Ver. 1.1.5 software to collect and analyze the SD-OCT and OCT-A images. e device operates at a central wavelength of 880 nm and a speed of A-scan rate of 53,000 second/s. e axial and transverse scan resolution in tissue is 7 and 20 μm, respectively. e scan range of the device ranges from 3 to 12 mm horizontally, 3 to 9 mm vertically, and 2.1 mm in depth.
Each eye was dilated with 1% tropicamide eye drop (Tropamid, Bilim Ilac Ltd., Istanbul, Turkey) and scanned by an experimented operator. e scanning was repeated if the SSI quality of the image was <7/10. e scans included a 3 × 3 mm 2 macula map centered on the fovea and a 2.4 × 4 mm 2 disc map centered on the optic nerve head. e following data were recorded after the scanning was completed: macular thickness, ganglion cell complex (GCC) thickness, RNFL thickness, FAZ area, and the VDs of the macular and peripapillary areas (Figures 1-3 ). e RNFL thickness was recorded at four different quadrants using the temporal-superior-nasal-inferior-temporal (TSNIT) map. Nine regions of the Early Treatment Diabetic Retinopathy Study (ETDRS) map was used to obtain the macular thickness.
e GCC thickness was recorded for the whole and superior/inferior sectors of the macula.
e VD of the retinal peripapillary capillary plexus (RPCP) was recorded for the S/I, and TSNIT sectors were recorded using the OCT-A scans of the peripapillary area.
Statistical Analyses.
ese analyses were performed using SPSS software version 20.0 (SPSS, Inc., Chicago, IL, USA).
e continuous variables were presented as mean ± standard deviation values. One-way analysis of variance was used to compare the age between the groups.
e Pearson chisquared test used to analyze the gender distribution among the groups. e correlations between AHI and the mean VD value of left and right eyes were analyzed using the Pearson correlation coefficient. A single GEE model, corrected for age and gender, with working correlation matrix "independent" was created for each parameter as a dependent variable and the study groups as the main effect (ordinal factor) to account for within-individual intereye effects. GEE results are given with regression coefficient (B) and 95% Wald confidence interval (CI). P < 0.05 was considered statistically significant.
Results
A total of 77 patients (154 eyes) with OSAS and 27 control cases (54 eyes) were included in this prospective study. Of the OSAS patients, 27 had mild, 24 had moderate, and 26 had severe disease. e demographic features of the study participants are summarized in Table 1 .
ere was no significant difference between the study groups regarding the BCVA or central macular thickness (CMT) values (Table 2 ). However, the IOP value was significantly higher in the severe OSAS group than in the control cases (p � 0.001) ( Table 2 ).
e average RNFL thickness and the RNFL thicknesses of the temporal and inferior quadrants were significantly thinner in the severe OSAS group (Table 2) . Both superior and inferior GCC thicknesses were also determined to be significantly lower in the moderate and severe OSAS groups compared with the control cases.
ere was a decrease in the macular thickness (ETDRS) with the presence and increased severity of OSAS. When compared with the control group, this decrease was statistically significant in the severe OSAS group in outer superior, outer nasal, and outer temporal measurements (Table 3) . When compared with the control group, this decrease was statistically significant in both moderate and severe OSAS groups in outer inferior measurement. e radial papillary capillary network was analyzed and compared between the control and OSAS groups. ere was a significant decrease in the mean, nasal 2, and temporal 2 RPCP values of the moderate and severe OSAS patients compared with the control group (Table 4) .
ere was a significant decrease in the nasal 1 and temporal 1 RPCP values of the severe OSAS patients compared with the control group (Table 4) .
ere was a significant increase in the FAZ values in the severe OSAS patients compared with the control group (p � 0.001). Superficial VD was significantly lower in the severe OSAS group compared with the control cases (p � 0.006). Deep VD was significantly lower in all OSAS groups compared with the control cases ( Table 5) . Table 6 presents the results of correlation analysis performed in the OSAS groups between AHI and the other investigated parameters, namely, IOP, RNFL thickness, superior and inferior GCC thicknesses, RPCP, FAZ, and superficial and deep VDs. ere was a weak positive correlation between AHI and FAZ (r � 0.257, p � 0.039) and weak negative correlations between AHI and superficial and deep VDs (r � − 0.245, p � 0.045 and r � − 0.236, p � 0.048, respectively). Journal of Ophthalmology 3
Discussion
In this study, we analyzed the ocular alterations in patients with different stages of OSAS and determined that OCTA-FAZ increased and superficial and deep VDs and RPCP values decreased in the OSAS patients and these alterations were more severe with the increasing disease stage and were correlated with AHI. We did not determine any effects of OSAS on BCVA or CMT, but IOP was higher in severe OSAS patients. Systemic hypoxia is known to affect retinal perfusion and retinal ganglion cells [11] . Zhang et al. [12] reported that in moderate and severe OSAS groups, the inner diameter of the ophthalmic artery was significantly decreased and that of the posterior ciliary artery was significantly increased. e authors reported that the blood flow of the ophthalmic posterior ciliary and central retinal arteries changed with the disturbed autoregulation of the latter two arteries in OSAS cases. Yu et al. [13] investigated the alterations in the retinal vasculature in patients with OSAS and reported that in the advanced form of OSAS, the RNFL thickness did not differ, but the VDs of the parafoveal and peripapillary areas were negatively correlated with AHI due to the significant reduction in the VDs of this group. Karakucuk et al. [14] analyzed the resistivity index in the ophthalmic and central retinal arteries and determined that there was no statistically significant difference between the OSAS patients and control cases. Moyal et al. [15] reported that the VDs of the macula did not significantly differ between the OSAS patients and control cases. e authors included OSAS cases from all stages (mild, moderate, and severe). ey also did not determine any alterations in the RNFL or GCC thicknesses in the OSAS patients compared with the control cases.
We determined a significant increase in the FAZ values in the severe OSAS patients with a significant decrease in superficial VD while deep VD was significantly lower in all OSAS groups compared with the control cases.
To the best of our knowledge, this is the first study evaluating the RPCP values in OSAS patients. RPCP was determined to be decreased in OSAS, being more prominent in advanced stages of the disease.
is decrease in the capillary plexus may be associated with the decreased vascular growth factors and may play a role in the pathophysiological alterations of ocular structures in OSAS [16] . Supporting this data, we also determined a significant increase in FAZ and significant decrease in both superficial and deep VDs in severe OSAS patients. Moreover, FAZ was positively correlated and VDs were negatively correlated with AHI. ere is limited data in the literature concerning the alterations in FAZ or VDs in OSAS. In a very recent study, Ye et al. [17] reported a significant decrease in the FAZ of the superficial capillary plexus but a significant increase in the deep capillary plexus after adenoidectomy in children. Regarding these results, we can conclude that quantitative OCT-A parameters reveal macular ischemia at both superficial and deep retinal capillary plexuses, which 
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may play an important role in the pathophysiology of ocular alterations in severe OSAS patients. Prospective studies are warranted to investigate the alterations in posttreatment OCT-A parameters in OSAS cases to elucidate the exact role of these alterations in clinical practice. In chronic hypoxic conditions, deficiencies in nutrients or oxygen and more importantly increased production of reactive oxygen species may cause severe problems in ocular tissues, which are highly susceptible to oxidative stress [18, 19] . In the literature, there are many studies about the effects of OSAS on ocular structures; however, the results are conflicting. We did not determine any significant changes in BCVA or CMT, but IOP significantly increased in patients with severe OSAS. e literature contains conflicting data regarding the alterations in IOP in OSAS cases. For example, Karakucuk et al. reported an increase in glaucoma rates in OSAS and a positive correlation between the AHI and IOP values [14] , whereas Moghimi et al. [20] found higher IOP, worse visual field indices, and lower RNFL parameters in OSAS cases compared with the control group and revealed a significant positive correlation between AHI and IOP. In another study, Cohen et al. [21] observed a significant rise in IOP during the sleep period in OSAS patients, which was not affected by continuous positive airway pressure (CPAP) therapy. Shinmei et al. [22] evaluated the IOP changes during nocturnal sleep in patients with OSAS and reported that the mean IOP levels during apnea events were lower than during nonapnea phases. Nadarajah et al. [23] did not determine any significant alteration in the IOP values in patients with OSAS compared with the control cases, but they defined decreased corneal hysteresis in OSAS, which may be another link between this disease and the development of glaucoma. Teberik et al. [24] reported that there were no significant differences between the OSAS patients and control cases regarding the IOP, central corneal thickness, or RNFL values in all quadrants.
ese conflicting results in the literature may be associated with the varying severity of OSAS and disease duration of the samples. In the current study, we determined an increase in the IOP values in OSAS patients, and this increase was statistically significant in the severe disease group.
ere was a decrease in the RNFL thickness in the OSAS patients, and this decrease was even more prominent in the advanced stages of the disease. Similarly, in a meta-analysis of six studies evaluating a total of 1,034 eyes, it was reported that OSAS resulted in a decrease in the RNFL thickness and the greater the severity of OSAS, the greater the loss of RNFL. Moreover, the most and least affected quadrants were the inferior and temporal quadrants, respectively [25] . In contrast, in our study, both the inferior and temporal quadrants were found to be most affected. However, there were some recent studies that did not determine any thinning in RNFL in OSAS. For instance, Adam et al. [26] did not find any significant alteration in the RNFL thickness in OSAS patients. Similarly, Yuvaci et al. [27] reported no significant difference between the OSAS patients and control cases regarding CMT or RNFL thicknesses. e authors also noted that with the treatment of severe OSAS patients, statistically significant thinning of RNFL was detected at the end of the 12th week. Kücük et al. [28] evaluated the right eyes of 45 OSAS cases and 43 age-and sex-matched healthy controls and reported that there were no significant differences between the two groups regarding IOP, RNFL thickness, subfoveal and parafoveal choroidal thicknesses, and peripapillary choroidal thickness. Research suggests that RNFL is thinner in patients with OSAS although this does not reach a statistically significant level in all studies. ese varying significance levels may be due to the differences in the number of patients and severity of the disease. In this study, we also found a significant decrease in the RNFL thickness, and the thinnest RNFL was obtained from the severe OSAS group. ere are some limitations of this study that should be mentioned. Firstly, we did not analyze some clinical parameters, e.g., body mass index or laboratory tests, such as insulin resistance and fasting blood glucose levels, which may also cause some alterations in the ocular structures of OSAS patients. Secondly, we did not record the disease duration in our sample.
In conclusion, OSAS has diverse effects on ocular structures, which should be kept in mind in clinical practice, since the prevalence of this disease is increasing. Elevated IOP levels and decreased RNFL thickness may increase the glaucoma incidence in this patient group; thus, these cases should be monitored regularly. Decreased vascular densities and increased FAZ may also be associated with the severity of OSAS and may be the main pathophysiological Journal of Ophthalmology 7 mechanisms in ocular alterations, which should be investigated in further studies.
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